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Abstract
In this presentation, we briefly review recent investigations on pion and kaon structures from
the instanton vacuum. Starting from the low-energy QCD partition function, we have computed
the Gasser-Leutwyler low-energy constants, electromagnetic form factors of the pion and kaon,
semileptonic decay form factors of the kaon, and light-cone distribution amplitues of the pion and
kaon. The results are in good agreement with the experimental and empirical data.
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I. INTRODUCTION
It is of great importance to understand structures of the pion and kaon, since they are
regarded as the pesudo-Goldstone bosons arising from the spontaneous breakdown of chiral
symmetry (SBχS). Though there are many theoretical frameworks to study the pion and
kaon such as chiral perturbation theory, QCD sum rules, and lattice QCD, the instanton-
vacuum approach (see, for example, recent reviews [1, 2]) has certain virtues: First, it can
be directly related to nonperturbative QCD, realizing well the mechanism of the SBχS with
the quark zero modes. Second, it has only two parameters: The average instanton size
ρ¯ ≈ 1
3
fm and average inter-instanton distance R¯ ≈ 1 fm. Thus, there is basically no free
parameter in this approach. Third, the model has a natural normalization point that is
given by the average size of instantons (ρ−1 ≈ 0.6GeV). It allows us to calculate hadronic
observables and compare the results with the experimental data with the renormalization
group employed.
The staring point is the following gauge-invariant low-energy effective chiral action:
Seff [M
α, V,m] = −Spc,f,γ ln
[
i/D + im+ i
√
M(iD)Uγ5
√
M(iD)
]
. (1)
On can refer to Ref. [3] for the description of Eq. (1) in detail.
II. LOW-ENERGY CONSTANTS
The SU(3) effective chiral Lagrangian to order O(p4) in the large Nc and in the chiral
limit is expressed as
L(4) = L1
〈
∂µU
†∂µU
〉2
+ L2
〈
∂µU
†∂νU
〉2
+ L3
〈
∂µU
†∂µU∂νU
†∂νU
〉
, (2)
where Li denote the Gasser-Leutwyler low-energy constants. Utilizing the derivative ex-
pansion of Eq. (1), we can determine the Li [4]. The results are listed in Table 1. The
explanation for the abbreviation can be found in Ref. [4]. The results are in good agreement
with the empirical values by Gasser and Leutwyler [5].
TABLE I: The low energy constants L1, L2, L3.
M0(MeV) Λ(MeV) L1(×10
−3) L2(×10
−3) L3(×10
−3)
DP 350 611.7 0.82 1.63 −3.09
Dipole 350 611.2 0.82 1.63 −2.97
Gaussian 350 627.4 0.81 1.62 −2.88
GL 0.9± 0.3 1.7± 0.7 −4.4± 2.5
The combination of the low-energy constant is related to the upper bound of the sigma-
meson mass:
Mσ < 665[1 + 0.44∆ + 0.33∆
2 +O(∆3)]MeV, (3)
where ∆ = −(2L2 + L3)/L2 which can be determined by the pipi scattering length. The ∆
is ranged from −1.03 to −0.243, depending on the type of the form factor. As a result, the
upper bound of the sigma-meson mass lies in the range of 610 ∼ 640 MeV, which is very
different from almost all other models in which ∆ turns out to be positive.
2
III. ELECTROMAGNETIC FORM FACTORS OF THE PION AND KAON
The electromagnetic form (EM) factors of the pion and kaon are defined as follows:
〈M(Pf)|j
EM
µ (0)|M(Pi)〉 = (Pi + Pf)µFM(q
2). (4)
The notation of Eq. (4) can be found in Ref. [3]. The results of the EM form factors of
the pion and kaon are drawn in Fig. 1 (see Ref. [3] for the explanation of the abbreviation).
The EM charge radii of the pion and kaon are: 〈r2〉
1/2
pi+ = 0.675 fm and 〈r
2〉
1/2
K+ = 0.731 fm
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FIG. 1: The results of the electromagnetic form factors of the pion and kaon
(experimental data: 〈r2〉
1/2
pi+ = 0.672±0.008 fm and 〈r
2〉
1/2
K+ = 0.560±0.031 fm), respectively.
The deviation of the kaon charge radius from the experment is due to the fact that the 1/Nc
corrections are absent in the present approach.
IV. SEMILEPTONIC DECAYS OF THE KAON
The corresponding matrix element of the kaon semileptonic decay form factors is written
as
〈pi(ppi)|ψ¯γµλ
4+i5ψ|K(pK)〉 = (pK + ppi)µfl+(t) + (pK − ppi)µfl−(t). (5)
The detailed description for Eq. (5) can be found in Ref. [6]. The t-dependence of the form
factor is shown in the left panel of Fig. 2. The results are in qualitative agreement with
the data. The dimensionless slope parameter λl+ is obtained as 3.03 × 10
−2 (experimet:
(2.96± 0.05)× 10−2).
V. LIGHT-CONE DISTRIBUTION AMPLITUDES OF THE PION AND KAON
The gauge invariance of Eq. (1) plays an important role in deriving the light-cone distri-
bution amplitudes (DA) of the pion [7]. In the right panel of Fig. 2, we draw the Gegenbauer
moments relevant for the pion DA. The ellipses denote the Schmedding-Yakovlev analysis [8].
The results lie within the 2σ ellipsis. One can consult Ref. [7] for details.
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FIG. 2: The results of the semileptonic form factors of kaon
VI. SUMMARY AND CONCLUSION
In the present talk, we briefly reviewed recent investigations on the structures of the pion
and kaon from the instanton vacuum. Without adjusting any parameter, almost all results
are in good agreement with the experimental data.
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